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. Sequencing of 9.11 billion reads for the time series DVE1-5 and the ultra-deep air sample (UDAS), resulting in 2.27 Tb of data. 
Diversity of airborne microbes in the ultra-deep sequencing
We compared a 330 million read metagenomic dataset (ultra-deep air sample, UDAS) with an independently generated dataset of the same 2-hour sample (DVE1011), of which only 2 million reads were analyzed. Rank abundance curves were built ( Fig. 2A and 2B ) and resulted in similar distributions. In UDAS the tail of the curve (corresponding to low abundance species) indefinitely extends as the number of analyzed reads increases. This could be due to the false positive ratio of the taxonomical identification method used, which despite being low, cannot be entirely removed.
The number of detected species strictly depends on the value of the minimum support parameter, which is the minimum number of reads required to be assigned to a species by the LCA algorithm.
To make UDAS and the corresponding 2 million DVE1011 sample comparable in terms of detected species, the minimum support parameter was proportionally adjusted to 3920 reads for UDAS (as opposed to 25 reads for DVE1011). This fact is indicated as a vertical line in Fig. S2B . As predicted, adjusting the minimum support threshold affects the length of the tail of less abundant species.
Subsequently, the detected species overlap between the two samples was evaluated ( Fig. S3A) . A total of 419 species were detected for DVE1011 against 398 species for UDAS, resulting in a large overlap (87.8%).
Aside from the overlap, positional ranking of species between DVE1011 and UDAS was also assessed (Fig. S4 ). Nearly half of the top 50 most abundant species were found to have the same ranking position in both DVE1011 and UDAS, with an average ranking difference of 1.66. In conclusion, DVE1011 and UDAS exhibit rank abundance curves that follow the same general distribution ( Fig. S2A, B ), largely overlap in terms of detected species (Fig. S3A ) and are highly consistent in terms of relative proportions of the taxa (Fig. S4 ). Based on these results, 2 million reads were therefore considered sufficient to capture the taxonomic diversity and complexity of the air microbiome investigated in this time course study. In addition, species detected in UDAS were compared to the species detected across the entire DVE1 (~353 million reads sequenced and 150 million reads analyzed) ( Fig. S3B ). Only a single taxon of the UDAS data was not identified in DVE1. In contrast, 397 species were shared between UDAS and DVE1, while 815 species were unique to the five-day sampling series DVE1. This latter result is not surprising as UDAS was generated from a single time point sample, while DVE1 includes samples collected at various time points.
Finally, sub-sampling analysis for UDAS is shown in Fig S5. Sub-samples of increasing number of assigned reads were randomly extracted from UDAS with the scope of evaluating the effect of the sample size on the number of detected species; the effect of applying different minimum support cut-offs is also shown. Similarly, to what is shown in Fig. S2B , the presence of a long tail of low abundance organisms prevents the curve from reaching a plateau. However, as this experiment only considered the assigned reads, the complexity of the entire community is underestimated (e.g. no information is available on how complex the community of taxa is that were not detectable under our experimental settings). 
Structure of the airborne microbial community
For each DVE, no more than 12.5% reads on average were identified as belonging to one of four taxonomic domains: Bacteria, Archaea, Eukarya, and Viruses (Table S2 ). The unidentifiable fraction of the air microbiome contained reads that either were not specific to a known taxon, or did not show any similarity against the non-redundant sequence database. We hypothesize that this last category of reads corresponds to either intragenic regions of eukaryotic organisms and/or to microbial species that have not been sequenced yet. The average number of identified species across all DVEs was 1317±165. Unique species identified in the five time-series are indicated in the Table S3 . The complexity of the metagenomic data allowed for taxonomic identification down to the species level ( Fig. S6 ). Of the identified eukaryotes, fungi belonging to the Basidiomycota phylum (Agaricomycetes class: Polyporales, Hymenochaetales, Agaricales and Cantharellales orders) were predominant, whereas Ascomycota fungi from the Sordariomycetes and Dothideomycetes classes were less frequently identified (Fig. S6 ). Basidiomycota and Ascomycota fungi represented 99.7% of the fungal read counts (66.9% and 32.8% respectively). The top bacterial species mainly belonged to the Actinobacteria and Proteobacteria phyla.
Five out of the top forty most abundant species were fungi ( Fig. S6 ). Of these, many are known to be saprotrophs that obtain nutrients directly from dead or decaying organic matter. Examples of this include the Basidiomycete Dichomitus squalens, known to cause white pocket rot of wood tissue, as well as Schizophyllum commune and Schizopora paradoxa. Several other species are known to be endophytes and/or plant pathogens such as Fomitiporia mediterranea and Eutypa lata. 
Statistical analysis of the replicate concordance
To assess the quality of the technical replicates used in our study, we calculated similarity percentages (SIMPER) on species level. In total, 240 time points (720 samples, DVE2-5) were analyzed. A range of 69.5% to 97.4% similarity among the replicates was determined with a mean of 91.5% similarity among the replicates.
Blanks
A total of 66 blank samples were collected and analyzed across DVE2 to DVE5. The blanks consisted of 21 filter blanks (FB), 34 reagent blanks (RB) and 11 sequencing blanks (SB).
Prior to all blanks and samples collection, the base part of the air sampler, where filters are attached, was wiped with 10-fold diluted bleach solution for 30 seconds, followed by another 30 seconds of cleaning with 70% ethanol.
The FBs were collected by attaching a new filter on the sterilized air sampler at the sampling location for 3 minutes. FBs were collected once a day during each DVE's sampling regime. RBs were extraction of empty extraction kits without filter sample added. RBs were collected during every batch of DNA extraction. SBs were library enrichment reactions without addition of DNA template. The blanks and the DVE samples were all collected, processed and analyzed simultaneously with the same protocol.
The most frequently detected taxa across all blank samples were Homo sapiens, as well as human associated bacteria colonizing mucosal and skin surfaces, such as Staphylococcus aureus, Propionibacterium acnes, Ralstonia pickettii, Streptococcus pneumonia and Micrococcus luteus (Fig. S7A ). The bacterium Pyrinomonas methylaliphatogenes was particularly abundant in a few of the reagent blank samples. Figure S7B showcases the comparison between the DVE samples and the blanks as well as the comparison between blanks processed with 8 cycles and blanks processed with 15 cycles. In terms of absolute quantification, the majority of the blank samples did not reach the detection limit of Qubit 2.0. DNA yield from the FBs averaged at 0.67 ng, whereas the RBs averaged at 0.37 ng. These values were 145-fold and 261-fold less than the DVE samples, which averaged at 97.2 ng across DVE2 -DVE5. Due to the low DNA yields, the average number of reads generated from the sequencing run was also much lower for the blank samples. Under the same library enrichment condition (8 cycles), the DVE samples generated 8 to 10 million reads/sample, while the blanks only generated 0.3 to 1 million reads/blank-sample.
For microbial composition comparison ( Fig. S7B ), no detection of taxa commonly found on air was observed in the blanks with 8 PCR cycles. Taxa from air such as Fomitiporia mediterranea, Schizophyllum commune and Eutypa lata were only detected, albeit at read counts that are several orders of magnitude lower, when the PCR cycles were increased to 15. Processing air samples under laboratory condition will always require exposure to the surrounding atmosphere, unless one can guarantee 100% sterility from air by working in a vacuum. This finding suggests that the surrounding air contaminated our blanks as all the blanks were collected and processed at the same time as the rest of the air samples. 
Diel cycle of the tropical air microbiome
We observed diel recurrent changes in variability of total extracted DNA yields, microbial community composition (in terms of relative abundance of species measured as read counts) and taxa diversity. For all DVEs, the total extracted DNA yields were consistently higher during the night (Wilcox test for DVE2: p=7.24*10 -10 , DVE3: p=3.98*10 -6 , DVE4: p=4.98*10 -7 , DVE5: p= p=4.63*10 -5 ).
In terms of metagenomic analysis, we first analyzed the similarity of the entire microbial community for all time-series ( Fig. S8A and S8B ). BrayCurtis similarity algorithm was used to evaluate community composition differences, while Jaccard similarity algorithm was adapted for community membership analysis. Both algorithms indicated significant differences when the samples were grouped based on the binary trait "Day" and "Night" parameters. The day/night differences (R ANOSIM = 0.62-0.81, all p ANOSIM < 0.001) were found to be more pronounced than inter-day and inter-month differences (R ANOSIM = 0.01-0.12, p ANOSIM = 0.002-0.28). This finding is also supported by the multivariate association analysis (Table S4 ) which emphasizes on the stronger effect of sampling time on microbial community composition than sampling date.
Microbial community diversity was at its highest at noon and was generally higher during day hours as compared to night hours. The structure of the airborne microbial community was more dispersed during daylight hours as opposed to night hours (p=0.001 for analyses of multivariate homogeneity of group dispersions in DVE1-3 and DVE5, however the difference was not significant in DVE4: p=0.14). The average proportions of eukaryotes did not change substantially in the course of twenty-four hours regardless of light, while at least three times more bacteria were detected during daylight hours as compared to night hours (Table S7) .
Based on the observed day and night differences, the temporal variability of seven taxonomic groups (Ascomycota, Basidiomycota, Cyanobacteria, Firmicutes, Proteobacteria, Actinobacteria, and Viridiplantae) was further investigated (DVE2-5). Two statistical approaches were applied (Table S5) : i) Wilcoxon signed-rank test to assess differences between day and night microbial community compositions in terms of relative abundances of the selected taxa, and ii) and regression modeling analysis to estimate the significance of association between relative abundances of the selected taxa and time factor considered as binary parameter (day and night). The diel dynamics were observable for six out of seven taxonomic groups with the exception of Firmicutes, which show inconsistent results through the time-series DVE2-5. On species level, a range of species were also found to vary according to the diel cycle (Table S6 ). Basidiomycota 1.25*10 -9 1.19*10 -10 2.57*10 -7 1.09*10 -8 1.52*10 -5 1.44*10 -5 1.71*10 -7 2.68*10 -10 Cyanobacteria 5.57*10 -10 1.51*10 -7 1.13*10 -7 2.91*10 -6 2.55*10 -9 1.29*10 -6 1.21*10 -8 1.97E*10 -6
Firmicutes 0.03 0.09 0.51 0.21 5.43*10 -5 4.48*10 -3 0.02 0.003 Proteobacteria 3.57*10 -11 5.50*10 -10 8.68*10 -6 6.69*10 -5 1.02*10 -7 5.64*10 -8 1.90*10 -7 2.06*10 -8 Actinobacteria 9.04*10 -7 2.09*10 -5 7.74*10 -4 1.38*10 -3 7.50*10 -9 9.41*10 -8 3.14*10 -7 5.07*10 -9 Viridiplantae 1.35*10 -7 9.76*10 -8 4.89*10 -6 1.86*10 -4 6.97*10 -5 1.40*10 -4 1.01*10 -5 1.83*10 -7 Note: p-values for Wilcoxon signed-rank test (pwc) and regression modeling analysis (pr) are provided. Alpha-diversity of the airborne communities, Simpson Diversity and Richness 
Comparative analyses of relative and absolute microbial abundance
Quantitative PCR (qPCR) was performed to explore the feasibility of correlating PCR/ampliconbased methods to shotgun metagenomics approaches. All samples from the last day of DVE5 (Feb 23 -24) were subjected to qPCR experiments using universal 16S rRNA bacteria, 18S rRNA fungi and specific Schizophyllum commune primers as described above. The qPCR results (GCN/µL) were then normalized by DNA concentration (ng/µL) for fair comparison with the relative abundance of the metagenomics reads (Fig. S10 ).
For bacteria, the metagenomic read counts of the selected samples strongly correlated with the corresponding normalized GCN profile from qPCR (Pearson R=0.98) (Fig. S10A) . In contrast, we could not see any concordance between metagenomic read counts and the corresponding qPCR profile for fungi (Pearson R=0.0004) (Fig. S10B ). The finding for bacteria, however, confirms the possibility of correlating PCR/amplicon-based methods such as qPCR to metagenomics approaches.
The disconnection between metagenomic fungal reads and the qPCR results may be explained as follows: First, PCR/amplicon-based methods typically rely on the choice of primers, which are prone to amplification bias or primer coverage-related issues. The selected qPCR fungi-specific primers may not optimally cover all fungi that are present in our samples. In addition, the richness of the metagenomic database (NCBI NR protein database) could play a role. While the NR database is rapidly growing, it still contains significantly less fungal whole genome sequences compared to bacterial whole genome sequences. This is possibly due to the higher sequencing and analysis cost for fungal genomes or their lower clinical relevance. Therefore, metagenomic reads assigned to fungi in our experiments could potentially be under-represented due to the above described database limitation.
This argument is further supported when target analysis was focused on just a single fungal species. Schizophyllum commune was chosen as it was consistently detected as one of the most abundant species in all of our samples and it is also well represented in the NR database. We designed a custom primer based on its conserved gene sequence to specifically target this species and performed qPCR on the same selected samples from DVE5 as described above.
A strong correlation was observed between the metagenomic reads assigned to this species and its normalized qPCR analysis (Pearson R=0.91) (Fig. S10C) .
In summary, attempts to correlate amplicon to metagenomic approaches must be performed only when the necessary conditions are satisfied. Among the conditions, accuracy of the selected primers and the database representation of the target species are the most important. As the database is continuously growing at a rapid pace, we believe that metagenomics-based approaches will be able to provide a better, unbiased representation of the intended microbial profile in future environmental studies. 
Dependency of airborne microorganisms on meteorological characteristics
Temperature is the key determinant for the atmospheric ecosystem. In Singapore, temperature diel cycle is usually consistent with the minimum temperature during the night (26°C) and the maximum during the day (35°C) (Fig. S11A ). In addition, relative humidity (RH) ranges between 50% during the night and 90% during the day. The two parameters (temperature and RH) are interdependent (Table S8) , since temperature directly effects the saturation water vapor pressure. CO 2 concentration of air is also cyclical within 24h, directly depending on plant respiration. It varies between 400 ppm during the night and 460 ppm during the day (Fig. S11A) . The windiest period was recorded during DVE3, while wind velocity during DVE2, DVE4, and DVE5 was mild (Fig. S11A ). Wind backward trajectories show that the wind direction changes during DVE2-5 (Fig. S11B ). Singapore is indicated as the final destination. Wind in Singapore was coming from East to Southeast in May (DVE2), predominantly from South in August (DVE3), Southwest and North in December (DVE4), and from Northeast in February (DVE5).
As expected, strong negative correlations (Pearson's R>0.8) were observed between temperature and relative humidity (RH), as RH is in function dependency with temperature. Prominent negative correlations were also detected between temperature and carbon dioxide (CO 2 ) content in air, which is likely to be indirect and dependent on the plant diel cycle that coincides with diel temperature (and light) changes. No other prominent correlations between meteorological characteristics were detected (Table S8 ).
Of all the meteorological characteristics (plotted in Fig. S11 ), temperature, CO 2 content in air and rain had the highest influence on microbial community abundances.
We observed a strong positive correlation (Pearson's R>0.8) between temperature and Gemmatimonadetes bacterium KBS708 and Sphingomonas astaxanthinifaciens, as well as several other species in DVE2 and DVE5 (Table S9) . Notably, most of the species that positively correlated with temperature were bacteria, while negative correlation was typically observed for Basidiomycota fungi belonging to the Agaricomycetes class (e.g., Heterobasidion irregulare, Moniliophthora roreri, Auricularia delicata, Tulasnella calospora) (Table S9) . Cylindrobasidium torrendii fungus -0.79 ---0.74 Note: "-" indicates that the test was not performed as the number of assigned sequencing reads was below the threshold (i.e., an average read count of a species was <25 in an experiment). Note: experiment number was taken as a confounding factor in the modeling.
Actinomycetospora chiangmaiensis in DVE2 (Pearson's R=0.93), as well as the Pezizomycotina fungi Diaporthe ampelina (Pearson's R=0.80) and Pseudocercospora fijiensis (Pearson's R=0.88) in DVE3 increased in abundance during rain. Another Pezizomycotina fungus, Eutypa lata, was consistently observed to increase in abundance either immediately after a rain event (CCF modeling analysis: DVE2: R=0.84, t -1, DVE4: R=0.76, t -1, DVE5: R=0.72, t -1) or during rain events in DVE3 (Pearson's R=0.78, t-0) (Fig. S12) . Similar behavior was observed for the Pezizomycotina fungus, Diaporthe ampelina (CCF modeling analysis: DVE2: R=0.94, t-10, DVE3: R=0.78, t 0, DVE4: R=0.80, t -1, DVE5: R=0.53, t -1) (Fig. S12) . 
Modeling
Additional evidence for the finding of the diel cycle of airborne microorganisms comes from Bayesian Network analysis (BNA). Structural and parameter learning was applied to uncover the existing probabilistic relationships between environmental parameters and relative abundances of taxonomic groups (20) (Fig. 6 ).
In the inferred network ( Fig. 6, left panel) , temperature is detected as a 'hub' node, thus confirming its role of most relevant environmental parameter exerting a direct effect on all taxonomic groups. CO 2 and rain are also revealed as having a direct influence on the 7 taxonomic groups investigated, further substantiating the key role of these environmental parameters in regulating microbial communities in the air. Rain is correctly inferred as being a direct modulator of temperature.
The right panel of Fig. 6 shows how Bayesian inference was applied to answer probabilistic queries regarding the behavior of the system in specific conditions. Scenario 1 simulates a high temperature environment (above 28.1°C), with temperature assumed to be the only measured variable. As a consequence, the most probable state for all other variables was derived, with CO 2 concentration being low (CO 2 concentration 423 ppm, probability 88%), light rain event (below 5 mm, probability 96%), Ascomycota, Cyanobacteria, Proteobacteria, Actinobacteria, Firmicutes and Viridiplantae being likely present in either high or medium abundances, with the sole Basidiomycota group being more likely to be present in low (probability 58%) or medium (probability 39%) abundance. In contrast, when temperature is assumed to be low (below 28.1°C, Scenario 2) all taxonomic groups are predicted as likely to behave to the opposite of the high temperature scenario, adding evidence to the role of temperature as a driver of tropical air microbial community fluctuations.
The ability of investigating the combined effect of multiple observed variables is an advantage of Bayesian networks: a low temperature and a heavy (above 5mm) rain scenario was also simulated (Scenario 3). In response to such environmental conditions, Basidiomycota and Ascomycota groups were remarkedly predicted as being most likely present in low (probability 88%) and high (probability 88%) abundance, respectively, which is in line with our other numerical analyses.
Microscopy of airborne particles
Light and scanning electron microscopy of air samples revealed particles of different morphology and size (Fig. S13 ). SYBR Green I staining and light microscopy allows for discrimination of abiotic and biotic particles, which do not appear co-localized or physically adhere to one another (Fig. S13A ). In addition to multicellular structures that might resemble mycelia from fungal species, single-celled organisms with one or more nuclei, could be identified (Fig. S13B) . These might represent fungal cells in their dikaryotic stage in the life cycle of Ascomycota and Basidiomycota (Fig. S13B) . 
D.
Unstained bright field micrograph (1.), stained with SYBR Green I epifluorescence microscopy image (2.) and superposition of both images (3.) . SYBR Green I staining clearly demonstrates the presence of biological cells.
Methods for Microscopy
Imaging of air-borne microorganisms via fluorescence microscopy. Samples were collected from the Coriolis air samplers as previously described. Following collection, fixation and staining with SYBR Green I was conducted based on previously established protocols (1, 2) . Briefly, collected samples were fixed with a final concentration of 0.5% glutaraldehyde (Sigma Aldrich, USA) for 30 min at 4˚C. Samples were then filtered onto 0.02 µm Anodisc filters (GE Life Sciences, USA) using the appropriate filtration apparatus. The filters were removed and stained with SYBR Green I (Life Technologies, USA) for 15 min in the dark at room temperature. Filters were mounted onto microscope slides with 50:50 PBS/Glycerol containing 0.1% phenylenediamine (Sigma Aldrich, USA) and stored at -20˚C until needed. Imaging was conducted on a Zeiss Axio Observer Z1 Upright Widefield microscope (10 AlexaFluor 489, 510 nm beam splitter, excitation filter of 450 -490 nm and an emission filter of 515 -560 nm) with an AxioCamMR3 camera (Zeiss, Germany). A 100x NA 1.40 DIC III oil immersion objective was used.
Imaging of air-borne microorganisms via scanning electron microscopy (SEM). Collected Coriolis samples were filtered onto 0.1 µm Cyclopore filter (GE Life Sciences, USA) using the appropriate filtration apparatus. Filters were fixed with a final concentration of 2.5% glutaraldehyde (Sigma Aldrich, USA) in 0.1 M phosphate buffer for at least 48 h at 4˚C. Fixed samples were transferred to a multi well dish and then washed ten times gently in 0.1M cacodylate buffer to remove glutaraldehyde. These samples were then post-fixed in 1% osmium tetraoxide (Sigma Aldrich, USA) for 1 h at room temperature. Samples were washed 10 times using MilliQ water to remove excess osmium tetraoxide. Following this, serial dehydration was conducted using a graded ethanol series (25%, 50%, 75%, 80%, 95%, 100%, 100%, 100%) for 10 min each, at room temperature. Samples were then dried using a Lecia EM CPD 030 (Leica, Germany). Samples were stored in a dehumidifying chamber until imaged. For imaging, the dried samples were mounted onto an aluminum stub using double-sided carbon tape. Samples were sputter coated with platinum to a thickness of 4 nm using a Leica EM SCD050 (Leica, Germany). Samples were imaged with a Jeol HSM-6701F (Jeol, Japan) at various acceleration voltages and magnifications.
Imaging of air-borne microorganisms via bright field microscopy. For bright field microscopy, empty Petri dishes were used as samplers. The samplers were left to collect samples for 7 d (April 28 -May 4, 2017) and stored at -20°C until processed. The dust was washed from the plates with PBS (Invitrogen, USA) containing 0.1% Triton X-100 (Sigma, USA). Aliquots were concentrated with Amicon Ultracell centrifugal filters (Merck, Millipore) with a 30,000 nominal molecular weight limit (NMWL) cut-off. The concentrates were mounted on a glass slide and observed under 100X, 400X and 1000X magnifications with a Zeiss Axio Imager M2 (Carl Zeiss, Germany) under bright field mode.
Optical particle counts (OPCs) Figure S14 . Particulate matter counts distributions in DVE2-5. Counts of 0.3 -10 μm particulate matter were recorded using optical particle counters (OPC). The particle cut point size for each channel was 0.3, 0.5, 1.0, 3.0, 5.0 and 10.0 μm. Readings were collected each minute during air sampling. Data was aggregated in the form of per time point average and shown for each DVE separately. No consistent patterns of particulate matter variation were detected. We could not detect any strong correlation (e.g, R>0.8) between various sizes of air OPCs and the total extracted DNA yield reflecting the total abundance of the collected biomass (Table S11 ) or the abundances of 7 taxonomical groups (Table S12 ). Therefore, under the conditions observed, microbes do not appear to be associated with or physically attached to abiotic particles in tropical air. 
Role of gaseous pollutants on airborne microbial communities
Hourly measurements of Nitric oxides (NOx) concentrations were obtained for the period of February 19-24, 2017, which coincides with the DVE5 time-series (Fig. S15 ). Measurements were performed by the Singapore Environmental Agency (NEA) in hourly intervals. Two intervals were averaged in order to match the sampling intervals from the environmental time series. Pearson's correlation analysis performed exhaustively for the top 176 species that had passed the minimum threshold for species abundance (described in Methods Statistical analysis). No strong correlations (R = -0.36 -0.43) were observed, indicating that NOx is not a driver of the diel cycle of airborne microorganisms. Sulfuric oxides (SOx) concentrations were measured across a 6-day period using a Ecotech Serinus 50 Sulphur Dioxide Analyzer with 3 seconds intervals that were averaged and pooled into 2h intervals across 24h periods (Fig. S16 ). Corresponding SOx data during the time period of DVE5 was only available in 24hour time-average resolution and does not match our 2-hourly time resolution. Thus, the analysis could not be performed due to data incompatibility. Data for a time window corresponding to our DVE4 environmental time series is shown in Fig. S16 . The patterns and distributions observed do not match the dynamics of the microbial diel cycle. The diagram with the SOx concentrations showed random peaks that lasted 1-2 hour throughout the days, as well as during morning and evening rush hours. Even in instances where the hourly SOx values were up to 25 times elevated, no changes to the dynamics of airborne microorganisms was recorded. In addition, episodes of increased SOx concentrations lasted less than 2 hours. In accordance with the Singapore's environmental agency (National Environment Agency, https://www.nea.gov.sg/our-services/pollution-control/air-pollution/air-quality), we assume these SOx levels to have originated from the anthropogenic releases of sulfuric gases, as it has been reported that refineries contribute 93% of SOx production in Singapore (3).
Fig. S16. Daily profiles of SOx concentrations in Singapore in 1-hour intervals. Measurements for the period of February 19-24, 2018.
Whole genome shotgun (WGS) sequencing and amplicon sequencing of tropical air samples Figure S17. Comparison of fungal taxonomical classification between whole genome sequencing (WGS) and ITS/16S amplicon sequencing. The two sequencing were conducted from the same set of DNA samples. Comparison was made on phylum level (bar chart) and genus level (bubble chart) for WGS sequencing (left) and amplicon sequencing (right). N.D. denotes the fact that these taxa cannot be amplified by the corresponding primer set. No amplification denotes the fact that no amplicon of sufficient quality was obtained under the prevailing conditions.
A comparative analysis was conducted on whole genome shotgun sequencing and amplicon sequencing data with the purpose of taxonomical profiling (Fig. S17 ). Two consecutive days and nights samples were collected with the same flowrate and duration at an identical location. Air samples were then processed and extracted with the above protocol. After DNA extraction, a portion of each DNA sample was submitted for whole genome sequencing with shotgun approach, as well as amplicon sequencing. The amplicon samples were then subjected to PCR with ITS1F/ITS2R primers (4,5) for fungal amplicon production and 16S 338F/806R primers for bacterial amplicon production. The amplicons were sequenced using standard Illumina protocols on a MiSeq instrument.
Sequencing data from the whole genome sequencing approach was processed with the same method as all the DVE samples. For amplicon sequencing, low quality reads and adapters were first trimmed with cutadapt (6) . The two sets of corresponding reads were then paired using QIIME. After pairing, the fastq files were converted to fasta and subsequently BLAST'ed against the UNITE and SILVA database (7) . The BLAST results were finally visualized in MEGAN 5 to facilitate direct comparison with the whole genome sequencing.
For fungal sequencing comparison, the results indicate that a highly similar trend was observed between the two sequencing methods on phylum level (Fig. S17 ). Ascomycota was found to be more abundant during the day and Basidiomycota strongly dominates the night samples. The facts that Day 1 samples consisted of more Ascomycota than Day 2 samples and Night 2 samples had more Basidiomycota than Night 1 sample were also well reflected by the two methods.
On lower taxonomic level (genus), the top 20 fungal and bacterial genera listed in Figure S17 also indicated moderate to high level of agreement between the two methods. More than 50% (15-16 genera out of 20) of the most abundant genera were co-detected by the two separate sequencing efforts. The co-detected genera were also present with the same trend among the day and night samples. For instance, both sequencing approaches showed that genus Schizophyllum, Auricularia and Trametes were much more abundant at night, while genus Coprinopsis, Penicillium and Fusarium were more dominant during the day, depicting the diel cycle.
There are indeed differences among the two, which include how the amplicon sequencing method was more biased towards Basidiomycota or the increasing disagreement on the taxonomic classification of the sequences on lower on taxonomic level (phylum to genus). Considering the library preparation protocols were different and that the two sets of data were aligned against different databases, it is reasonable to assume that these differences were mostly attributed to possible amplification and database biases.
In addition to the evidence presented in Fig. 3A and 4A of the main manuscript, the day samples were found to possess lower biomass than the night samples, and that the proportion of bacterial DNA is notably lower than the fungal DNA in all samples. Such low bacterial content in outdoor tropical air introduces a significant challenge if one intends to create a taxonomic profile for bacteria separately with amplicon sequencing. The fact that 3 out of 4 samples analyzed in this section did not produce acceptable bacterial amplicons indicates that longer sampling duration was required for these set of samples to accumulate more bacterial DNA from air. The 2-hourly temporal resolution, such as presented in this study, is an important technological advancement that only became feasible in a robust and reproducible manner when the metagenomics approach was applied. This finding comes as a surprise, as one would predict that the amplification-based method to be more sensitive in instances where biomass is limited. The high temporal resolution at which the diel cycle in tropical outdoor air was described, therefore was enabled by the combination of efficient air sampling techniques together with ultra-low biomass library construction and next-generation sequencing.
Furthermore, we extracted sequences that match rDNA markers from our metagenomic datasets and analyzed these against UNITE/SILVA database. In instant of the UNITE database, approx. 20000 reads (1%) were identified to contain rDNA sequences out of a dataset of 2 million metagenomic reads. For the SILVA 16S database comparison approx. 2000 reads (0.1%) were identified. Of these reads, the taxonomic profiles of this separate analysis were highly similar to those produced from the respective ITS and 16S amplicon sequencing. We conclude that this analysis, if intended, must be performed in addition to the metagenomics assignments described above.
In conclusion, both taxonomic approaches confirm the existence of a diel cycle in tropical air. The reason that the metagenomic approach of air metagenomes analysis is deemed more suitable lies in the fact that the whole genome shotgun sequencing provides a unified profile, identifying bacterial and fungal taxa at the same quantitative scale due to being performed in a single sequencing experiment. In contrast, the same is not feasible for amplicon sequencing experiments that require different sets of primers. The differences in amplification efficiencies, therefore, compromise the quantitative comparison among the different experiments.
